We present a comparative study of stellar winds in classical supergiant high mass X-ray binaries (SgXBs) and supergiant fast X-ray transients (SFXTs) based on the analysis of publicly available out-of-eclipse observations performed with Suzaku and XMM-Newton. Our data set includes 55 observations of classical SgXBs and 21 observations of SFXTs. We found that classical SgXBs are characterized by a systematically higher absorption and luminosity compared to the SFXTs, confirming the results of previous works in the literature. Additionally, we show that the equivalent width of the fluorescence Kα iron line in the classical SgXBs is significantly larger than that of the SFXTs (outside X-ray eclipses). Based on our current understanding of the physics of accretion in these systems, we conclude that the most likely explanation of these differences is ascribed to the presence of mechanisms inhibiting accretion most of the time in SFXTs, thereby leading to a much less efficient photoionization of the stellar wind compared to classical SgXBs. We do not find evidence for the previously reported anticorrelation between the equivalent width of the fluorescence iron line and the luminosity of SgXBs.
Introduction
Supergiant X-ray binaries (SgXBs) are usually divided into classical systems and supergiant fast X-ray transients (SFXTs). The SFXTs share many properties in common with classical systems (e.g., similar supergiant companions and orbital period distribution) and in all these sources high energy emission is mostly due to the accretion of stellar wind from the massive companion onto the compact object. Compared to classical systems, SFXTs show a much more pronounced variability, comprising sporadic short Xray outbursts and fainter flares with fast rise times (tens of minutes) and typical durations of a few hours. Outside these events, the SFXTs have average X-ray luminosities that are 2-3 orders of magnitude lower than the classical systems with similar orbital periods (see, e.g., Walter et al. 2015 , for a recent review). The presence of a neutron star (NS) as a compact object has been established by the detection of X-ray pulsations in classical SgXBs and in a few intermediate objects between SFXTs and classical SgXBs. There are no confirmed detections of pulsations for any of the known SFXTs 1 . Cyclotron lines, probing the strength of the NS magnetic field, have been detected in many classical systems, but only in one SFXT has some evidence been reported for a cyclotron feature at ∼17 keV (Bhalerao et al. 2015) . This was not confirmed by more recent observations (Bozzo et al. 2016) . The few models proposed to explain the extreme X-ray variability of the SFXTs are still a matter of debate. These 1 Different tentative spin period detections of the SFXT IGR J17544-2619 have been reported but never confirmed (Drave et al. 2012 (Drave et al. , 2014 Romano et al. 2015) . Similar cases are those of the SFXT IGR J18483-0311 (Sguera et al. 2007; Ducci et al. 2013 ) and IGR J18410-0535 (Bamba et al. 2001; Bozzo et al. 2011). include extremely clumpy stellar winds (in't Zand 2005), magnetic or centrifugal gates (Grebenev 2008; Bozzo et al. 2008) , or the settling of a long-lasting quasi-spherical accretion regime (Shakura et al. 2012 ). In the latter two cases, it was shown that reasonably limited clumpy winds are needed to achieve the dynamic range of the SFXTs if their activities are sporadically boosted by the effect of the NS rotating magnetosphere or its interaction with the magnetized wind from the supergiant companion or both. Both the magnetic or centrifugal gates and settling accretion regime are likely to inhibit accretion in SFXTs, explaining their subluminosity compared to classical SgXBs. Our current limited understanding of the SFXT phenomenology makes any comparative study between these sources and the classical SgXBs particularly interesting. In this paper, we exploit archival Suzaku (Mitsuda et al. 2007 ) and XMM-Newton (Jansen et al. 2001) observations to carry out a comparative analysis of the stellar wind properties in these two classes of systems. We focus on the measurement of the average absorbing column density associated with the stellar wind and the properties of the fluorescence iron line (centroid energy and equivalent width).
Observations and data reduction
We only included SgXBs that are believed to be primarily wind-fed systems in our data set. Sources for which strong evidence was reported in the literature for the presence of an accretion disk were not included. A summary of all observations used for the present work is provided in Table 1 . Recent reviews by Walter et al. (2015) and Martínez-Núñez et al. (2017) provide an overview of the most relevant properties of each system. In contrast with other studies investigating the spectral variability on timescales comparable with the clumpy wind dynamics (see, e.g., Bozzo et al. 2011 Bozzo et al. , 2016 Bozzo et al. , 2017 , in the present case we are interested in evaluating the wind properties on a larger scale. As clumps in the wind are known to give rise to variability over a hundred to thousand seconds (see, e.g., Walter & Zurita Heras 2007 , and references therein), their effect can be neglected when using integration times as long as several tens of kiloseconds. To quantitatively investigate the properties of the stellar winds in classical SgXBs and SFXTs, we thus extracted their average spectra from all publicly available Suzaku and XMM-Newton observations. We focused on deriving, from the fits to these spectra, a measurement of the absorption column density in excess of the Galactic value and fluorescence iron line properties. The first parameter provides an estimate of the average stellar wind density from which the compact object is accreting. The centroid energy and equivalent width (EW) of the fluorescence iron emission line are also key probes of the stellar wind properties. This feature originates from the fluorescence of the X-rays from the compact object onto the surrounding stellar wind and it is known that larger EWs correspond to denser winds (outside X-ray eclipses; see, e.g., Torrejón et al. 2010b ). We processed Suzaku data from one of the X-Ray Imaging Spectrometer (XIS) units -XIS0 (0.2-12 keV; Koyama et al. 2007 ), using filtered cleaned event files obtained from the application of predetermined screening criteria 2 . For sources that showed jitters in the detector image, the event files were corrected via the aeattcorr and xiscoord tools to update the attitude information. For those sources affected by pileup, we discarded photons collected within the portion of the point spread function (PSF) where the estimated pileup fraction was greater than 4 %. This was carried out with the FTOOLS task pileest. The XIS0 spectra were extracted by choosing circular regions of 2 ′ , 3 ′ , or 4 ′ radius centered around the best-known source position, depending on whether the observation was made in 1/8, 1/4, or 0 window mode, respectively. Background spectra were extracted by selecting regions of the same size, as mentioned above, in a portion of the CCD that was not significantly contaminated by the source X-ray emission. Response files were created using the CALDB version '20150312'. XMM-Newton observation data files (ODFs) were processed using the standard Science Analysis System (SAS 14.0) and following the procedures given in the online analysis threads 3 . We primarily used data from the PN (0.5-12 keV) whenever available, as this instrument provides a better statistics compared to the Metal Oxide Semi-conductor (MOS) cameras (0.5-10 keV). The latter were used in all those cases in which the PN data were not collected or not usable. We did not make use of the Reflection Grating Spectrometers (RGS) data because of the limited band pass of this instrument and the need for the results to be comparable with those obtained from the Suzaku data. All European Photon Imaging Camera (EPIC) spectra were corrected for pileup, whenever required. The correction was carried out using an annular extraction region whose inner radius was determined via the SAS tool epaplot. Background spectra were extracted from a region located on the same CCD as that used for the target source, thereby avoiding any contamination from its emission. The difference in extraction areas between source and background was accounted for with the SAS backscale task. All spectra were rebinned in order to have at least 25 counts per energy bin and, at the same time, to prevent oversampling of the energy resolution by more than a factor of three. Individual Suzaku and XMM-Newton spectra were fit with a power-law model corrected for line-of-sight Galactic and local absorption with phabs and additional Gaussian components to take into account the presence of iron emission lines. The addition of a partial covering (pcfabs) or a thermal blackbody component was required in a few cases to account for the soft excesses in the X-ray spectra. Since the data we used for the present work are not affected by low statistics issues, the detection of soft excess does not alter the measured values of the absorption column densities. We are thus confident about the representative nature of the obtained average values of the absorption column densities. Spectral fits were performed in all cases with XSPEC v12.9.0. For the eclipsing SgXBs, such as 4U 1700-37, Vela X-1, OAO 1657-415, XTE J1855-026, EXO 1722-363, IGR J16195-4945, IGR J16479-4514, and 4U 1538-522, we did not use data collected during the X-ray eclipses. All spectra of the various sources are shown in Appendix A, together with the best-fit models and the residuals from the fits. We note that for the absorption models phabs and pcfabs, we used the default element abundances and cross sections in XSPEC (Anders & Grevesse 1989; Verner et al. 1996) as the S/N of the data at the lower energies does not allow us to discriminate between different possibilities.
Results
We plot the main findings of our analysis in Fig. 1 We also show in the right panel of Fig. 1 that the results do not change significantly if we remove for each source the expected Galactic contribution from the total absorption column density.
5 The value of the Galactic absorption for all sources were estimated using the HEASARC online tool 6 . We also show a plot of the iron Kα line EW versus the X-ray luminosity in Fig. 2 . The uncertainty on this last parameter is dominated for all sources by their poorly known distances. We do not find any indication of the anticorrelation between the two parameters represented in this plot, which is at odds with the findings reported by Torrejón et al. (2010b) and Giménez-García et al. (2015) . The red points on the top left side of the plot, which give the appearance of an anticorrelation, are from one source, IGR J16318-4848, in which the compact object is believed to be obscured for most of the time by a dense cocoon of material (Chaty & Rahoui 2012 ).
Discussion
The results reported in the two panels of Fig. 1 show that there is a clear direct correlation between the absorption column density and the iron line EW in classical SgXBs and SFXTs. This is expected because the iron lines in these systems is produced by fluorescence of the X-rays from the compact object onto the surrounding stellar wind (George & Fabian 1991) , which is also the material giving rise to the measured local absorption column density (Inoue 1985) . A larger N H indicates a denser environment and thus also a larger amount of material that is involved in the fluorescence emission. This result has been known since the previous studies presented by Torrejón et al. (2010b) and Giménez-García et al. (2015) . Compared to these works, we extended the sample of measurements by including Suzaku data, which provide consistent results in a broader range of X-ray luminosity.
The plots in Fig. 1 also confirm the interesting feature mentioned by Giménez-García et al. (2015, see their strong local absorptions. Large variations of this parameters have been recorded in different sources and ascribed to the presence of a largely variable and unstable accretion environment around the compact object (see, e.g., Malacaria et al. 2016) . See also Table A.1 and A.2. 5 We note that this test is carried out because if the measured value of Galactic absorption is several times larger than the online value, as is the case now, it is speculated to be due to the presence of a complex multicomponent absorber local to the source. 6 https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl 10 ) that all SFXTs are systematically less absorbed than most of the classical SgXBs, but we show here in addition that the SFXTs are characterized, on average, by Kα iron lines with significantly lower EWs 7 . These two results together indicate that the accretion environment around the compact objects in the SFXTs is systematically less dense than that in classical systems. As mentioned by Giménez-García et al. (2016) , this difference can be explained either by assuming that the stellar winds in the SFXTs are less powerful than those in classical SgXBs, or that the interaction between the compact object and the stellar wind in these two classes of sources is not the same. A search for systematic differences in the winds of the supergiant companions in SFXTs and in classical SgXBs has been attempted by several authors in the literature, but there is no strong evidence in favor of this hypothesis (Martínez-Núñez et al. 2017) . A complication that has so far prevented a detailed study of the stellar winds in these systems is the fact that they are highly absorbed and located at much larger distances with respect to the close-by supergiants for which UV and optical observations provided a great wealth of information on the structure and composition of their winds (see, e.g., Sundqvist et al. 2011 , for a 7 The bulk of the SFXT observations we analyzed are in the quiescent or, at most, in the intermediate state, in which the luminosity is lower than 10 35 erg s −1 .
Article number, page 3 of 12 A&A proofs: manuscript no. 31487corr_authors recent review). As there does not seem to be an evident dichotomy between spectral classes of supergiants in SFXTs and classical systems, we concentrate in the following paragraphs on the idea that the different interaction between the compact object with the wind of the companion drives the discrepancy between the average absorption column density and iron line EW in these systems. Detailed studies of classical SgXBs have demonstrated that the irradiation of high energy emission from the compact object can significantly affect the velocity of the surrounding wind, as the latter is radiatively driven and the photoionization by the compact object reduces the main acceleration force of the wind (Ho & Arons 1987; Manousakis et al. 2012; Krtička et al. 2015; Krtička & Kubát 2016) . In the case of Vela X-1, the prototype of classical SgXBs, a drop of the wind velocity as large as a factor of ∼3 has been inferred from the measured velocity shifts of the emission lines from highly ionized ions close to the NS (using observations performed with X-ray gratings spectrometers; Watanabe et al. 2006 ). In the simplistic case of a smooth and symmetrical stellar wind, it is expected that a reduction in the velocity from v to v ′ =f v, with f <1, leads to an increase in the local density by a factor of 1/f (assuming that the mass loss rate from the supergiant does not change; see, e.g., Sako et al. 2003) . These variations can be even larger in the case of structured winds, in which dense clumps transport the bulk of the wind material and could be already endowed with much lower velocities compared to the surrounding inter-clump medium (Oskinova et al. 2012) . As the photoionization of the stellar wind steeply increases with the X-ray luminosity and it is particularly effective above 10
35 -10 36 erg s −1 (see, e.g., Ducci et al. 2010 , and references therein), we suggest that the most likely explanation for the lower density medium around the compact objects in the SFXT is due to the lack of an efficient photoionization of the stellar wind compared to classical systems. This is in line with the widely agreed scenario that accretion in the SFXTs is inhibited for most of the time either by centrifugal or magnetic barrier or by an inefficient settling accretion regime. Their X-ray emission is thus only sporadically achieving the required intensity to substantially slow down the stellar wind and increase the density around the compact object. We note that this would contribute to reducing the X-ray luminosity of the SFXTs even further because the cross section of the compact object for the capture of the stellar wind is inversely proportional to the square of the wind velocity and a smaller cross section implies a reduced mass accretion rate (Frank et al. 2002) . In classical SgXBs, the mechanisms inhibiting accretion are unlikely to be at work for a substantial amount of time, and thus we expect these systems to have larger X-ray luminosities and slower winds close to the compact object. An important assumption in the considerations above is that the bulk of the fluorescence emission leading to the measurable iron Kα lines in both the SFXTs and SgXBs is provided by material around the compact object rather than from the rest of the stellar wind surrounding the binary. This assumption is supported by the rapid variability of the iron line EW measured in several of these sources, as commented in the correspondingly published works (see the cases of, e.g., OAO 1657-415, IGR J17544-2619, and IGR J18410-0535; Pradhan et al. 2014; Rampy et al. 2009; Bozzo et al. 2011) Our plot of the iron line EW versus the X-ray luminosity for both classical SgXBs and SFXT (Fig. 2) does not confirm the anticorrelation previously reported by Torrejón et al. (2010b) and Giménez-García et al. (2015) . We argue that this is most likely due to the larger number of observations and broader range of the X-ray luminosity exploited in the present work thanks to the addition of all available Suzaku data.
Appendix A: Spectral fits results
In this section, we report the details of the spectral fits performed on all observations of classical SgXBs and SFXTs used in this paper. We provide all the absorption and power-law parameters used for fits in Table A .1 and A.2, while the individual spectra are shown in Fig. A.1, A.2, A. 3, A.4 and A.5 (together with the best-fit models and the residuals from the fit). All uncertainties are provided at 90% confidence limit.
A&A proofs: manuscript no. 31487corr_authors Notes. 8 Ecut (uncertainty) = 7.57 (1.00) * The X-ray spectra of Vela X-1 and GX 301-2 are dominated below 3 keV by orbital-dependent emission lines and soft excesses which origin is still largely debated (see Martínez-Núñez et al. 2014; Suchy et al. 2012; Islam & Paul 2014 and references therein) . As the interpretation of these features is beyond the scope of the current paper, we excluded the energy range 1-3 keV from the fit of the spectra of these two sources. We verified that this has no quantitative impact on the reported results and on their average absorption column density measured. e Eclipse times are excluded. Notes.
P. Pradhan et al.: SFXTs versus classical
e Eclipse times are excluded.
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